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Routinely, qualitative screening for keratinolytic activity exhibited by microorganisms is carried out on feather agar 
medium, containing keratin as the sole source of carbon and nitrogen. Formation of a clear zone of keratin hydrolysis may 
observed directly on feather agar medium or after flooding the plates with either 5% (w/v) trichloro acetic acid (TCA) or 
Commassie brilliant blue dye (CBB R-250) for 30 minutes followed by destaining. The main drawback of these methods is 
that the hydrolyzed area is not sharply discernible which makes judgment very difficult. Hence, an improved, novel and 
sharply discernible plate assay method is reported herein for the detection of extracellular keratinases production by bacteria 
and actinomycetes. In this method, feather agar plates are flooded with Gram’s iodine, which formed a bluish black complex 
with keratin but not with hydrolyzed keratin, giving sharp and distinct zones around the keratinase producing microbial 
colonies within 3 to 5 minutes. This new method being rapid as well as more effective than other methods in terms of 
visualization and measurement of zone size could easily be performed for screening a large number of microbial cultures. 
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Introduction 
Keratin is an insoluble macromolecule requiring 
the secretion of extra cellular proteolytic enzyme 
keratinase for its biodegradation1. Keratin is one of 
the most abundant structural proteins in the world.  
It is the most durable, fibrous and chemically 
unreactive protein that has high stability and low 
degradation rate  under natural environment conditions2. 
Nevertheless, keratin does not accumulate in nature. 
A diverse group of microorganisms breaks it down by 
secreting extracellular keratinases. Keratinases are  
a specific type of proteolytic enzymes that have  
the tendency to hydrolyze both ‘soft’ (cytoskeletal 
materials in epithelial tissues, containing up to 1% 
sulphur) and ‘hard’ (protective tissues in hairs and 
nails, containing up to 5% sulphur) keratins3. They 
mainly attack on the disulfide (-S-S-) bond of the 
keratin substrates4. Fungi, actinomycete and bacteria 
primarily produce these enzymes and predominantly 
active on keratin substrates, which are truly 
recalcitrant in nature such as skin, hair, feather, horns, 
hooves, cloves, nails etc5,6. 
Different microorganisms have been reported to 
produce keratinases and degrade keratin. Among 
these, bacteria viz. Xanthomonas sp.7, Bacillus 
licheniformis8, Brevibacillus parabrevis9 and Flevibacterium 
islandum10 actinomycetes such as Streptomyces 
minutiscleroticus DNA3811, Actinomadura viridilutea 
DZ5012, Streptomyces coelicoflavus13 and fungi like 
Scopulariopsis brevicaulis14, Fusarium solani and 
Arthoderma multifidium15 are some of the examples 
reported to exhibit keratinolytic activities. Keratinases 
produced by microorganisms have vast potential to be 
used in various biotechnological and industrial sectors 
like in feed, fertilizer, detergent, leather and textile 
industries, waste management and for pharmaceutical 
and biomedical applications16-19. Increased demand 
for new enzymes with improved biotechnological 
potential, make it pertinent to screen out diverse kinds 
of microorganisms for their keratinolytic activities. In 
this regard, qualitative screening methods are useful 
because they can give a sense of the potential of 
microorganisms to produce the enzyme. 
A few qualitative methods have been reported for 
such studies using plate assays. Generally, they have 
used feather agar medium supplemented with chicken 
feather (β-keratin), as source of carbon and nitrogen 
for this purpose20-23. Some researchers performed 
primary screening on skim milk agar medium for 
selecting keratin-degrading microbes followed by 
secondary screening for keratinolytic activity on 
—————— 
*Author for correspondence: 
Mobile: 9418014742 
sunitachamba@gmail.com 
SHARMA & SUNITA DEVI: QUALITATIVE SCREENING OF BACTERIAL KERATINASES 
 
 
175
feather agar medium24-27. However, this method is 
non-reliable because microorganisms, possessing 
proteolytic activity may sometimes found to be 
negative for keratinolytic activity, which may give 
misleading results. 
Raju and Divakar28 reported the direct appearance 
of clear zone of keratin hydrolysis around the colony 
following incubation on feather agar plates. While, 
five per cent (5%) trichloro acetic acid (TCA) was 
used to flood the plates by Choudhary and Jain29 to 
clearly visualize the zone of hydrolysis. Durate et al30 
and Kiran et al31 reported the use of an improved 
method based on use of Commassie brilliant blue  
dye (CBB R-250) to flood the plates followed by 
destaining. However, none of the methods was  
found suitable for detecting keratinolytic activity in 
terms of better clearance zone visualization. Therefore, 
to facilitate the screening of a large number of 
keratinases producing microorganisms, the need of 
the hour is to develop a simple, rapid and sharply 
discernible plate assay method to screen a large 
number of microorganisms with clear and distinct 
results. With these points in mind, we developed a 
simple, rapid, inexpensive, sharply discernible and 
environmentally friendly method for detection of 
keratinolytic activity exhibited by bacteria and 
actinomycetes. 
 
Materials and Methods 
 
Area of Study 
Three different locations were selected in the  
hilly regions of Himachal Pradesh viz. poultry farm 
situated at CSKHPKV, Palampur, district Kangra, 
government poultry breeding farm and hatchery, 
Sundernagar, District Mandi and Chicken hatchery, 
Nahan, district Sirmour for the collection of samples.  
 
Collection of Samples  
Chicken feathers and feathers dumped soil/ compost 
samples were collected from the selected locations for 
the isolation of keratin degrading microorganisms. 
Samples were collected in sterilized polythene bags 
and were stored in refrigerator at 4°C for further 
processing. 
 
Isolation of Keratinolytic Microorganisms 
The collected samples were processed for isolation 
of keratinolytic microorganisms. Two techniques 
were employed viz. standard plate count technique32 
and enrichment technique33.  
Standard Plate Count Technique 
Samples were serially diluted to 10 folds by 
transferring one mL of sample to 9 mL sterile dilution 
blank under aseptic conditions. Then, 0.1 ml of 
suspension was spreaded on nutrient agar (NA) and 
Kenknight medium for the isolation of bacteria and 
actinomycetes, respectively. The NA plates were 
incubated at 37 ± 2°C for 24-72 h, while Kenknight 
plates were incubated at 37 ± 2°C for 7-11 days. After 
incubation, the number of colonies on each plate were 
counted and expressed in terms of log CFU mL-1.  
 
Enrichment Technique 
The microorganisms which occur in relatively low 
numbers in natural habitats, require enrichment prior 
to isolation. Therefore, an enrichment method was 
employed in the present investigation for the detection 
of slow growing organisms or for those organisms 
that develop only after modification of the 
environment. Five grams of each soil sample was 
added into 250 ml flask containing 100 ml keratin 
broth medium comprised of following ingredients 
(g/L): K2HPO4 0.3; KH2PO4 0.4; NaCl 0.5; MgCl2 
0.1; chicken feathers 10; pH 7.0 ± 0.2. Plates were 
incubated at 37 ± 2°C for one week. Ten mL culture 
broth from enriched flask was transferred into fresh 
keratin broth medium containing feather as a sole 
source of carbon and nitrogen up to 4 weeks. After 
enrichment, isolation of microorganisms was 
performed by standard plate count technique. Plates 
were incubated at 37 ± 2°C for 48 to 72 hours.  
 
Reference and Other Strains Used in Present Study 
The reference/ standard bacterial strain namely 
Bacillus licheniformis (MTCC 2617) used in the 
present study was obtained from the Microbial Type 
Culture Collection (MTCC) and Institute of Microbial 
Technology (IMTECH), Gene Bank Chandigarh,  
India. While, B. megaterium N35 (MF193346) and  
B. halotolerans DPE11 (MF193347) were isolated and 
available in the germpool of microbiology laboratory 
of Department of Basic Sciences, Dr Y S Parmar 
University of Horticulture and Forestry Nauni, Solan 
(HP). All these bacterial cultures were maintained on 
nutrient agar slants at 4°C.  
 
Treatment of Chicken Feathers  
Chicken feathers were procured from selected 
locations. Feathers were first washed thoroughly 
under running tap water to remove all the surface 
impurities, followed by thorough washing with 
distilled water. Washed, cleaned white chicken 
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feathers were dried at room temperature and then 
autoclaved twice at 121°C (15 lbs/inch2) for  
20 minutes. The autoclaved feathers were oven dried 
at 40-50°C, cut into 1-2 cm small pieces and were 
further used as a source of carbon and nitrogen in 
feather agar medium preparation.  
 
Plate Assay for Keratinase Activity  
Five microlitres of overnight grown culture of three 
bacteria was spot plated on modified feather agar 
medium21 with following composition (g/L): K2HPO4 
0.3; KH2PO4 0.4; NaCl 0.5; MgCl2 0.1; chicken 
feathers 10; Agar 20 and pH 7.0 ± 0.2, in triplicate, 
for four separate sets of experiments. Plates were 
incubated at 37°C for 48-72 hrs. In the first set of 
plates, clear halo zone around the colony was 
examined following incubation. The second and  
third sets of plates were flooded with 5% TCA for  
30 minutes and commasie brilliant blue (CBB R-250) 
dye followed by destaining respectively. However, the 
fourth set of plates were flooded with Gram’s iodine 
(1.0 g iodine dissolved in 100 ml of 2% potassium 
iodide solution) for 3 to 5 minutes, the schematic 
protocol of which is depicted in Figure 1. The results 
of the assay were validated by spot inoculating 
standard strain B. licheniformis (MTCC 2617) on 
feather agar medium followed by flooding of plates 
with Gram’s iodine for 3 to 5 minutes.  
  
Fig. 1 — Schematic protocol for the qualitative screening of keratinolytic activity. 
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Molecular Characterization of Potential Keratinase Producers  
From keratinase-producing microorganisms, only 
two potential keratinolytic Gram-positive bacterial 
isolates viz. N35 and DPE11 were custom sequenced 
at National Centre for Microbial Resource (NCMR), 
National Centre for Cell Science (NCCS), Pune, 
India. Genomic DNA was isolated by the standard 
phenol/chloroform extraction method35, followed by 
PCR amplification of the 16S rRNA gene using 
universal primers 16F27 (5'-CCA GAG TTT GAT 
CMT GGC TCA G-3') and 16R1492 (5'-TAC GGY 
TAC CTT GTT ACG ACT T-3'). The amplified 16S 
rRNA gene PCR product was purified by 
polyethylene glycol-NaCl precipitation and directly 
sequenced on an ABI® 3730 XL automated DNA 
sequencer (Applied Biosystems, Inc., Foster City, CA, 
USA) as per manufacturer’s instructions. Essentially, 
sequencing was carried out from both ends using 
additional internal primers so that each position was 
read at least twice. Assembly was carried out  
using laser gene package followed by identification  
using the EzBioCloud database (http://ezbiocloud.net/ 
eztaxon)36. The phylogenetic analyses were carried out 
in MEGA 7.0 software program and the 16S rRNA 
gene sequences were submitted to GenBank, National 
Center for Biotechnology Information (NCBI), USA. 
 
Results and Discussion 
The two potential keratinolytic bacterial strains were 
identified as B. halotolerans DPE11 (MF193346) and  
B. megaterium N35 (MF193347) based on partial 16S 
rRNA gene sequencing. The 16S rRNA gene 
sequencing of the potential bacteria showed their 
similarity to different species of genus Bacillus. The 
isolate N35 showed maximum homology (100%) with  
B. flexus NBRC 15715 (T) and isolate DPE11 showed 
maximum homology (100%) with Bacillus halotolerans 
ATCC 25096 (T). Unrooted phylogenetic tree, based on 
comparison of 16S rDNA sequence data of N35 and 
DPE11, neighbour joining (NJ) method using MEGA 
7.0 software program (Fig. 2) constructed with their 
closest phylogenetic neighbors in the NCBI (GenBank 
USA). Numbers on the tree indicates percentage of 
bootstrap sampling derived from 1000 random samples. 
These two cultures along with standard strain  
B. licheniformis (MTCC 2617) were used for further 
studies. The observation on the development of bluish 
black clear halo zone around colony revealed Gram’s 
iodine method more effective and rapid for screening 
and qualitative estimation of keratinases production 
by bacteria and actinomycetes on feather agar plates 
as compared to already reported three methods in 
literature viz., (1) direct clear zone observation on 
plates following incubation23,28 (2) flooding of plates 
with 5% TCA29 and (3) flooding of plates with CBB 
dye followed by destaining30-31. No clear and distinct 
halo zones around the colony were noticed in either of 
the former two methods (Figs. 3 & 4). However, in 
the third method (flooding with CBB dye) showed  
a less intensified halo zone (Fig. 5). Therefore, 
differentiation of enzyme hydrolyzed area from the 
non-hydrolyzed was not much clear and distinct in the 
plates flooded with these reagents. Moreover, the 
latter two methods are time consuming as these 
involved a waiting period of at least 30 to 40 minutes 
for the development of clearance zones. 
  
Fig. 2 — Phylogenetic tree of potential keratinolytic bacterial isolates (    ) constructed by Neighbor-Joining method on the basis of 16S
rRNA gene sequences using MEGA 7.0 software.  
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Interestingly, in this study, plates flooded with 
Gram’s iodine showed a distinct, clear, sharply 
discernible and prominent halos around the colonies 
confirmed their possession of keratinolytic activities 
which could be ascribed to the reason that Gram’s 
iodine may reacts with keratin to give a bluish-black 
color to the background, and with it, the enzyme 
hydrolyzed region is colourless (Fig. 6). A sharp 
increase in the colour contrast of the hydrolyzed zone 
and non-hydrolyzed portion of the medium was 
obtained on flooding with Gram’s iodine. It took 
hardly 3 to 5 minutes for the development of clearance 
zones after flooding. Furthermore, the method  
was also validated by using a standard strain  
B. licheniformis (MTCC 2617) as depicted in Figure 7.  
  
Fig. 3 — Direct observation of clear zone23 around the colony
following incubation (i) uninoculated control (ii) inoculated with
Bacillus megaterium N35, (iii) Bacillus halotolerans DPE11 and
(iv) Bacillus licheniformis MTCC 2617. 
 
  
Fig. 4 — Effect of TCA29 on keratinolytic zone on feather
agar plates (i) uninoculated control, (ii) inoculated with
Bacillus megaterium N35, (iii) Bacillus halotolerans DPE11 and
(iv) Bacillus licheniformis MTCC 2617. 
  
Fig. 5 — Effect of CBB dye31 on keratinolytic zone in 
feather agar plates (i) uninoculated control, (ii) inoculated with 
Bacillus megaterium N35, (iii) Bacillus halotolerans DPE11 and 
(iv) Bacillus licheniformis MTCC 2617. 
 
  
Fig. 6 — Effect of Gram’s iodine on keratinolytic zone on 
feather agar plates (i) uninoculated control, (ii) inoculated with 
Bacillus megaterium N35, (iii) Bacillus halotolerans DPE11 and 
(iv) Bacillus licheniformis MTCC 2617. 
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It was observed that plates spot inoculated with 
standard strain after flooding with Gram’s iodine also 
showed a distinct, clear, sharply discernible and 
prominent zone around the colony growth within 3 to 
5 minutes. No clear halo zones were noticed when 
plates were observed either directly or flooded with 
TCA. However, flooding of plates with CBB dye 
followed by destaining showed hazy zones after 30  
to 40 minutes of incubation. The results of this study 
confirm that the Gram’s iodine method herein 
developed is suitable for detection of keratinolytic 
activity. Therefore, it can be employed to screen a 
large number of bacteria and actinomycetes, with 
greater throughput, for ability to produce keratinases. 
This new assay method has the double advantage of 
being rapid and displaying good visibility of clearance 
zones. Besides this, Gram’s iodine is available in 
almost every microbiology laboratory, which makes 
this method suitable for general laboratories. The  
new method worked well with bacteria and 
actinomycetes; hence, can be employed for screening 
large microorganisms for keratinase production. 
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